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(54) FERRULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a metallic ferrule having an 
outer diameter of 1 mm or less and a method for manufacturing a 
desired number of such ferrule at low cost 

SOLUTION: A cylindrical metallic ferrule for connecting a optical 
fiber is characterized by the ferrule having an outer diameter of 1 
mm or less, and is employed in a connector for optical fibers. The 
manufacturing method of the ferrule includes a process of forming a 
rod-like object having an outer diameter of 1 mm or less by 
depositing a metal around a wire, a process of removing the wire 
from the rod-like object, and a process of machining the outer 
circumference of the rod-like object into a complete roundness 
having an outer diameter of 1 mm or less. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.Thls document has been translated by computer. So the translation may not reflect the original precisely. 
2.3|c3Ma|e shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CUUMS 



[Claim(s)] 

[Claim 1] The ferrule characterized by the outer diameter of the ferrule being 1mm or less in the metal ferrule of 
the shape of a cylinder for connecting an optical fiber. 

[Claim 2] The ferrule according to claim 1 which a ferrule essentially turns into from the metallic material chosen 
from aluminum, nickel, iron, copper, cobalt, and those alloys. 

[Claim 3] It is 1 or the ferrule according to claim 1 or 2 which it has about the insertion hole for Inserting an optical 
fiber strand in a longitudinal direction. 

[Claim 4] The connector for optical fibers using a ferrule according to claim 1 to 3. 

[Claim 5] The optical connector according to claim 4 as components for carrying out the splice of the optical fibers. 
[Claim 6] The manufacture approach of the ferrule according to claim 1 to 3 which comes to contain the process 
which is made to deposit a metal on the perimeter of a wire rod, and forms a rod-like object with an outer diameter 
of about 1 mm or less, the process which removes a wire rod from a rod-like object, and the process which 
processes the periphery of a rod-like object into a perfect circle with an outer diameter of 1 mm or less. 
[Claim 7] The manufacture approach of the ferrule according to claim 6 which is made to deposit a metal on the 
perimeter of a wire rod by electrocas;ting. and forms a rod-like object. 

[Claim 8] The manufacture approach *of ^ ferrule according to claim 6 or 7 that a wire rod is a metal or. a front face 
is a conductive wire rod at least. 

[Claim 9] The manufacture approach of the ferrule according to claim 7 or 8 which has pH of the electrocasting 
liquid used for electrocasting in an acidity side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailecl Description of the Invention] 



[Field of '-^je Invention] About the used for connection^ of iah optical fiber, this invention divides and relates to 

the metal Wrule. of the shape of a 'cylinder ;f cw.^l . r^:: 

[Description of the Prior Art] The^object for **^o? the bpticai fiber came" to' be carried but in the\;ari6us fields using 
light corpuscle children including the telephone line with arrival or'inultinVeidia After cutting^anT optical fiber to 
the proper die leiigth according to, an applica^^^ caVrieV out connebtor^^^^ bf the/termination^ - 
used, arid the components of the shape of a^cylinder usualiy called the ferrule for. holding optical fiber strands on the 
same-^xle aFe used for cbnhector firiish/: ^ ^ - ^ - - - > -r- i i^r. ... . • c r^., w - 

[0003] A ferrule forms the mixture of zircon ia* powder and resin in the shape of a cylinder by ihjectibn 'molding or' 
extrusion molding until now. While resin was disasVenibied by calcinating around 500 degre C, diamond polish of 
the through tube of a baking object was carriejj out after ,ca lei nkting around 1.200 degreds 'C ftirther. and tuning the 
apei'rture'firiely^^ processih^^ the^througK fiibe;^ tiiartlie periphery df a baking object' 

may become a perfect circl however, when based oh such' a manufacture (1);Nee'd an expensive"'* ' 

briquetting i^iachine; metallurgy mold for injecti^^^ mofding. and^alsb'From tending, to wear, rnetal 

mold^ out'with zirconia' powder, 'maintenance m ^e performe^^^ it rriust^ exchange (2). Diamond polish^ 

of a through tube takes time and eiFfort and^Rill, and it is' hard tb^'alse prbductiVity (3)/S^^^ it 'calcihates at an * 
elevated temperature Great energy cost starts (4). In the fermie which uses .ceramics, such as a zirconia. as a raW; 
material Th^Vfermle to whic^ lirepisirih'g two^br^rriore insert in an optical liber stra^^ ' * 




spheric^ surfac^ the convex spherical j^ur^^ ^ ^ ' * , * 

[0004] As^ a Ifi^^^ of the * 

metal ferrule which corhes to contairi'th'e process which is made t6*depbsit"^a metkron & perimeter bf ' a wire rod 



according to the written the;oirter'diam as thick as 2 

thnj/or 3mm, when the ferrule bbtia in ed by this manufactur^Tapp packaging densi^^ 

optical fiber in a connector etc. easily and also performed a^grihding process to, this periphery of a rod-like object,' it 
was difficult for it Whoid db the^problem tfiat^'^ ofa 

ferrule procluct tends^tb fall, as th^'result FurtHernriore; wHe^^ and btfiers approach, the j'^ ' 

enengizatioh on abbreviation the 1st was taken to obtain the rod-like bbje^ct used as the base materiarof a ferrule, 
and there was a problem that great tirne amount and energy cost^staf^ed mahufiicture of a ferrule?* " " ' * 

[Probiem(s) to be Solyed by .the Invention^ fn view of this sitiiatioTi.^ this' invention" m a technical prbblern to 
offeY thefapbr^^ number of request^ of t^ feirole^^ the shap^^^ whose outer "diameter 
is 1 mm oMess. and this ferruie can; b^ '"^ - - - ■ - - • 
[0006] ^■*'""- • ^: c : : i.r* ^. t c ^v;' . or- -. . jm . : .'^.x:* . i-, . • :r 

[Means^for Problem] When this inyention persbn^ inquired Whbjeh^artdc^^^^^^ ferrule fblind but that the 
number/6f requests' could be manufactured'at a low price with predetermine^^ dimensional accuracy ty the approach 
of going via the process which is made to deposit a metal on ^_e perimeter**bf al wife rod,' and fbrms'a rod-like object 
with^ahjputer diaiiieter of 'abbuV.\mm or less, the process w^^ a'^vire rod from a rod-like object, and the 
process which processes a rod-like object into a perfect circle with an outer diameter of 1mm or fess. Morebver." 
when a rod-like object was formed by electrocasting. it found out that the time a rnouht taken to form the^ rod-like 
object used as the base materljal of a. ferrule could be shdrtehe d sharply"; by setting pH of electrocasting liquid to an 
acidity side. Furthermore, since the outer .diameter was./emarkably small as compared vyith conventional ferrule, 
the fenrjle which can be obtained by ^t^ that eccentricity cbutd be easily held down within **0.5 
micrometers to the predetermined range and a detail by*'[ which* can improve the packaging density of the optical 
fiber in a connector etc. intentionally and also carries but the grinding process, of the periphery of a rod-like object ] 
carrying out - • - - . . 
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[0007] ^ . r u- 

[Embodiment of the Invention] Along with a drawing, it explains hereafter about the^ gestalt of implementation of this 
invention. Drawing 1 is the sectional view of the ferrule by this invention, and drawing 2 is the left side view of the 
fermle shown in drawing 1 . In drawing 1 and drawing 2 . 1 is a ferrule, consists of a metallic material usually chosen 
from aluminum, nickel, iron, copper, cobalt or those alloys essentially, and is manufactured by forming this in the 
shape of [ of a minor diameter ] a cylinder. 2 is a through tube for inserting an optical fiber strand, and the diameter 
of a through tube 2 is set to 125.0 micrometers. 125.5 micrometers, 126.0 micrometers. 127.0 etc. micrometers, etc., 
corresponding to the wire size of the optical fiber strand to insert. In addition, when based on the manufacture 
approach of this invention that carries out a postscript, the aperture of a through tube 2 can be set into a 
submicron precision, and can set it to less than **0.5 micrometers easily at a detail. 

[0008] while the outer diameter of a ferrule 1 takes into consideration the wearing nature to a connector etc.. 
mechanical strength, etc. — the diameter of 1mm or less — it considers as 0.50 thru/or the range of 0.75mm 
desirably. Let the die length of a ferrule 1 be a proper thing according to the structure of a connector etc. In 
addition, in the ferrule of this invention, corresponding to an application, as shown in drawing . both both [ one side 
or ] in a ferrule 1 may be processed into the configuration of a flat, PURIDOMU. an angle type. etc.. or it is the 
purpose which make an optical fiber strand easy to insert in a through tube 2. and the back taper of an include angle 
may be suitably formed in both optical fiber both [ one side or ] of insertion opening in a through tube 1 . In addition, 
the grinding process of the periphery of a ferruje 1 is carried out to a submicron precision and a detail by NC 
machining etc. to the core of a through tube 2 at a less than **0.5-micrometer perfect circle if needed. 
[0009] What is shown in drawing 3 is the ferrule of this invention that prepared two through tubes so that two 
optical fiber strands could be inserted, and drawing 4 is that left side view. 2 and 2' Is the two through tubes, one 
through tube 2 is punched along with the medial axis of a ferrule 1 at the longitudinal direction of a ferrule 1. and 
eccentricity of another through tube 2' is carried out a little from the medial axis of a ferrule 1, and it is punched in 
parallel with the through tube 2 along with the medial axis of a ferrule 1. 

[0010] This Invention offers the metal ferrule of the shape of a cylinder whose outer diameter is 1mm or less as 
these examples see. However, an above-mentioned example is mere instantiation and this invention must not never 
be limited to these examples. Speaking of the configuration of a feirrule. especially the ferrule of this Invention Is 
cylindrical as a whole, and though.the metal ferrule at large that outer diameter at large is 1mm or less is included 
and it has heights, a crevice, and/or a notch corresponding [ for example. ] to the configuration in a connector in 
the proper place of that periphery. It cannot be overemphasized that they make it natural and are included by this 
invention. 

[001 1] If how to manufacture this ferrule is explained, the manufacture approach of this Invention will come to 
contain the process which is made to deposit a metal on the perimeter of a wire rod, and forms a rod-like object 
with an outer diameter of about 1 mm or less, the process vyhich removes a wire rod from a rod-like object, and the 
process which processes the outer diameter of a rod-like object into a perfect circle 1mm or less as stated above. 
According to the structure of for example, a electrocasting tub or an anode plate etc., since it is necessarily fixed in 
no parts in a wire rod, as the outer diameter of a rod-like object becomes large, as for the thickness of the metal 
deposited on the perimeter of a wire rod by electrocasting etc.. the degree a through tube carries out [ a degree ] 
eccentricity becomes larger. The thickness of the metal deposited on the perimeter of a wire rod in this invention by 
setting the outer diameter of a rod-like object to about Imm or less from having stopped to the need minimum It 
becomes very easy to carry out the grinding process of the perimeter of a rod-like object, and to hold down 
eccentricity (gap with the core of the circle when likening the periphery of a ferrule with a perfect circle and the 
core of a through tube) within **0.5 micrometers to a detail in the predetermined range, and the yield of the ferrule 
as a product also becomes good. Although the approach by electrocasting, vacuum evaporationo. or those 
combination etc. is mentioned and the ferrule of this invention can be manufactured by any approach as an 
approach of making a metal depositing on the perimeter of a wire rod, for example, the approach by electrocasting is 
suitable to manufacture many ferrules for a short time. Then, in the following, it explains focusing on the approach 
by electrocasting about the manufacture approach of the ferrule by this Invention. 

[0012] A conductive wire rod is used in the manufacture approach of the ferrule by electrocasting. As the quality of 
the material of a wire rod, iron, aluminum, copper or the metal wire by those alloys, the thing that carried out solder 
plating of the perimeter, the thing which forrned synthetic resin, such as nylon, polyester, and Teflon (trademark), in 
the line, plated metallic materials, such as nickel and silver, on the front face, or formed conductive synthetic resin 
in It further at the line are used, for example. Since a wire rod determines the bore of a ferrule, i.e., the aperture of 
the through tube which inserts an optical-fiber strand, high degree of accuracy is required of all the homogeneity of 
a size, the roundness (order of approximation of the expected diameter in a wire rod, and an actual diameter), and 
linearity. The wire rod which can obtain by approaches, such as center loess processing, for example, has precision 
with a diameter of about 125.0**0.5 micrometers further if it is the approach of extruding the metal or synthetic 
resin like the above using a dice, ah approach by the wire drawing, and the case where it is a stainless alloy can 
obtain this wire rod easily. In addition, as a configuration of a through tube, in asking for the configuration except 
circular, it carries out extrusion molding of the above-mentioned metallic material using a dice. 
[0013] It is equipment for being shown in drawing 5 to manufacture a rod-like object by electrocasting, and three 
are a electrocasting tub among drawing and the interior is separated into the anode plate room 5 and the cathode 
room 6 by the thin film 4. In accordance with the wall of the electrocasting tub 3. the anode plate 7 of a pair and T 
counter mutually inside a diaphragm 4, and are prepared in the anode plate room 6. The quality of the material of an 
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anode plate 7 and 7' is suitably chosen according to the metal which you are going to make it deposit on the 
perimeter of a wire rod,>and nicl^l, iron, copper, cobalt, etc. are usually used. 8 is a filter, and a filtration accuracy 
0.1. thru/or an about 2-mlcrometer thing are used, and it usually carries out high-speed filtration of the 
electrocasting liquid with a pump 9. In addition, 1 2 is a valve. 

[0014] 10 Is electrocasting liquid, water is usually used as a solvent, and the thing which makes it come to contain 
the proper metal component according to the class of metal which it is going to make this deposit on the perimeter 
of a wire rod is used. Also although based also on the class of metal made to deposit by electrocasting As each 
metal component, nickel, iron, copper, cobalt, tungstens, and those alloys are mentioned [ therefore ], for example. 
As electrdcasting liquid 10 In the condition of a water solution or suspension, hold this metal component. For 
example; nickel amiosulfonate, a nickel chloride, a nickel sulfate. The first iron of sulfamic acid, the first iron of 
******; copper pyrophosphate. 51c*******, ********^ in water solutions, such as titanium fluoridation copper, alkanol 
sulfonic-acid copper, cobalt sulfate, and sodium tungstate Or the suspension which makes water come to distribute 
impalpable powder, such as silicon carbide, tungsten carbide, boron carbide, a zirconium dioxide, silicon nitride, an 
alumina.^ahd a.dia'mond, is used. That electrocasting is easy, a chemically stable thing, and since it is easy to 
dissolve, the water solution containing sulfamate is [ among these ] very useful as electrocasting liquid 10. In 
addition, since the metal component of electrocasting liquid 10 serves as a metallic material which constitutes the 
ferrule of this invention as it is, when asking for the ferrule used for PC connection, it is desirable for grinding to be 
easy, for example, to consider as nickel alloys, such as nickel, or nickel/cobalt alloy. 
[0015] Electrocasting is in the condition with which the electrocasting liquid 10 like **** was filled in the 
electrocasting tub 3, and a wire rod 1 1 being immersed in the cathode room 6, and rotating a wire rod 1 1 around the 
axial center of the longitudinal direction If needed. It Impresses a forward and negative direct current to an anode 
plate. 7, T, and a wire rod 11, respectively, and it energizes It so that it may become 4 thru/or about two 20 A/dm 
current density, this time — electrocasting liquid 10 — pH by the side of acidity — desirably, still more desirably. 
pH3 thru/or 6. and when maintaining to pH4 thru/or 5. a metal may usually be deposited on the perimeter of a wire 
ro'd 11. from. energization initiation to predetermined thickness within 3 thru/or 8 hours for less than 12 hours. For 
example^ when a ferrule with an outer diameter of 0.75mm was manufactured, and used the stainless steel line 
(SUS304) with a. diameter of 126.8 micrometers (roundness of less than **0.5 micrometers) as the wire rod 1 1. 
nickel amiosulfonate was contained for this wire rod, it was immersed In the electrocasting liquid 10 which adjusted 
pH to 4.3 and Jt energized for a little less than 5 hours, the rod-like object before and behind the outer diameter of 
0.9.mmfWas:stabilized. and was obtained. In addition, in drawing 5 , although the example immersed one in a wire rod 
11 into electrocasting liquid 10 was shown, this is mere instantiation and it cannot be overemphasized that two or 
more wire rods can be immersed if needed. Although especially shown in drawing 3 and drawing 4 , in asking for the 
ferrule which solves and has two or more through tubes, the wire rod of a number which corresponds using proper 
support Is stopped so that it may become parallel mutually, and in this condition, it is immersed into electrocasting 
liquid 10-and energizes. Moreover, electrocasting liquid 10 may remove inorganic impurities, such as copper, from 
electrocasting liquid by removing an organic nature impurity periodically, and making into cathode and an anode plate 
the iron corrugated plate and carbon which carried out nickel plating in advance of electrocasting using activated 
carbon etc., respectively, and energizing by the low current consistency before and behind 0.2 A/dm2 among two 
poles. 

[0016] The rodHike object obtained thus is picked out from electrocasting liquid 10. and removes a wire rod 11. 
There may be no limit especially about the method of removing a wire rod 1 1 , for example, in short, the dissolution, 
drawing out. extrusion, etc. may be what kind of approaches, if a rod-like object does not deform. It Is easily 
removable by rotating a rod-like object slowly and drawing out a wire rod 1 1, processing in an acid or alkaline water 
solution, or heating generally, If needed, although based also on the quality of the material of a wire rod 1 1. 
Electrocasting is preceded. On the front face of a wire rod 1 1 moreover, as a release agent For example, 
polyoxyethylene alkyi ether, the ethylene oxide addition product of aliphatic alkylester, Polyoxyethylene alkyi phenyl 
ether and polyoxypropylene alkyi ether Polyoxypropylene alkenyl ether and polyoxy butylene alkyi ether Polyoxy 
butylene alkenyl ether and sucrose fatty acids ester Fatty-acid glycerol monoester and hIgher-fatty-acid alkanol 
amides Polyoxyethylene highei — fatty-acid alkanol amides and amine oxide Nonionic surfactants, such as alkyi 
glycosides, and gallotannic acid. When optimum dose spreading of 1 or the plurality of tannin, such as gallotannic 
acid, tannic-acid sodium, tannic-acid iron, tannic-acid antimony, and m-galloylgallic acid, is carried out or it is 
immersed in these solutions, removal of the wire rod 1 1 after electrocasting becomes very easy. In addition, a wire 
rod 1 1 will usually be desirably exposed to air one week or more the 2nd day or more the 1 st day or more, after 
electrocasting Is completed rather than It removes immediately, after electrocasting Is completed, and if it carries 
out after a contact part with the wire rod 1 1 in a rod-like object oxidizes to some extent, it can be removed still 
more easily. 

[0017] Although the rodHike object from which the wire rod 1 1 was removed can also be used as a ferrule as it is 
after cutting it to the die length predetermined [ according to an application ], it usually carries out the grinding 
process of the periphery to a perfect circle In a submicron precision (less than **0.5 micrometers) by NO machining 
etc. In this invention, since thickness of the metal deposited on the perimeter of a wire rod was made into the outer 
diameter of a rod-like object and it was referred to as about 1 mm or less, eccentricity in the ferrule as a product 
can be easily set to less than **0.5 micrometers. 

[0018] Next, if the operation of the ferrule of this invention is explained, the ferrule of this invention can be used 
very advantageous in the various applications using a light corpuscle child as components for connecting optical 
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fibers temporarily or eternally. Since eccentricity is very small while the packaging "J^^^rty/ ^^^^J f^^*' 
variourconnectors including a plug mold connector, a jack mold connector, an adapter and- a receptacle .s 
^teXnafy fmrrovaJte from an outer diameter being remarkably small as compared with the conventional fermle. 
irexample JEe ferJule of this invention can connect an optical fiber to high degree of accuracy more, and can 
r^IkeTs oVte l^htwave signal accompanying connection small Intentionally, -^pte of ^^^^^^^^^^ 
was illustrated to drawin. 1 and drawing 2 and which solves and makes PC ^S^^ in^e^tei 

femile of this invention is shown in drawing 6 . As a procedure, first the 

Sl*e through tube of a ferrule 1 and V. respectively, and convex spherical-surface finish of the end face of a 
fe^^e l^nfl^s can-ied out in this condrtion. respectively. Next, into the through tube of the alignment sleeve 14 
SrJpticaTfVer s3 1^^^^^ 13' which attached a ferrule 1 and V are inserted in it from an opposite direction until 
?ps contact termS^aSon The optical connector obtained thus remains as it is. and is used or a general-purpose 
Set Sder aTbber holder, an outer color, etc. are equipped with and used for it if needed. In addition in this 
case grinding of the tip of the optical fiber strand 1 3 and 1 3' may be carried out to for «f ^"'P'*' ^^i^^^ . 
sphericarsui^ce or the slanting spherical surface, or it may carry out grinding to a ferrule 1 . and the end face and 
coincidence of V in a flat side or a slanting flat side. 

[Effect of the Invention] This invention relates to a strange new metal ferrule ^^'^^^f^'^'^^^^^^^ZS'^'^ 
the outer diameter is small, the ferrule of this invention can improve the P-^^^^^^^^^^^^ ^ 
int«ntionallv as comoared with the case where the conventional ferrule is used. Moreover, since it is easy to 
pr?cer?ie ?enSe o?^^^^^^ it is suitable for PC connection which requires highly precise processing where 

Kflt iff"rrc^?mtTctre the number of requests easily and at a low price with predetermined 
*mensional accuracy by the manufacture approach by this invention that comes to contain the P^^P^^f jj^j^.^^ 'J, . 
mTde to deorsH: a metal on the perimeter of a wire rod. and forms a rod-like object with an outer diameter of about 
7mm or .eXSeprTcJis^which 'removes a wire rod from a rod-like object. ^"'^^X^sTZ^^^ m::^^^^ 
like object in the shape of [ of a perfect circle with an outer diameter of 1 mm or less ] a cyUnder. When torming a 
roSn^e Ob ect by electrocasting especially and setting pH of electrocasting liquid to an acidity side, the time 
amount and energy which formation of a rod-like object takes can be decreased remarkably. ^^^^^1^^^''!'^^,%^ 
manufacture appJJIach of this invention by electrocasting. since the outer 

about 1mm or less, the eccentricity in the ferrule as a product can be easily held down to the predeterminea range 

Kl] r^'"c^;''Zr^d tote^ir^^ t^s invention that does remarkable effectiveness so is invention which has 
a great meaning in contributing-to the field sincerity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the'original precisely. 
2.**3Me shows the word which can not be translated. 

3.1n the drawings, any words are not translated. ; 
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[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 5] 
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